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m     he  National  Bureau  of  Standards'  was  established  by  an  act  of  Congress  on  March  3,  1901.  The  Bureau's  overall 
^t    goal  is  to  strengthen  and  advance  the  nation's  science  and  technology  and  facilitate  their  effective  application  for 
public  benefit.  To  this  end,  the  Bureau  conducts  research  to  assure  international  competitiveness  and  leadership  of  U.S. 
industry,  science  arid  technology.  NBS  work  involves  development  and  transfer  of  measurements,  standards  and  related 
science  and  technology,  in  support  of  continually  improving  U.S.  productivity,  product  quality  and  reliability,  innovation 
and  underlying  science  and  engineering.  The  Bureau's  technical  work  is  performed  by  the  National  Measurement 
Laboratory,  the  National  Engineering  Laboratory,  the  Institute  for  Computer  Sciences  and  Technology,  and  the  Institute 
for  Materials  Science  and  Engineering. 


The  National  Measurement  Laboratory 


Provides  the  national  system  of  physical  and  chemical  measurement; 
coordinates  the  system  with  measurement  systems  of  other  nations  and 
furnishes  essential  services  leading  to  accurate  and  uniform  physical  and 
chemical  measurement  throughout  the  Nation's  scientific  community, 
industry,  and  commerce;  provides  advisory  and  research  services  to  other 
Govenmient  agencies;  conducts  physical  and  chemical  research;  develops, 
produces,  and  distributes  Standard  Reference  Materials;  provides 
calibration  services;  and  manages  the  National  Standard  Reference  Data 
System.  The  Laboratory  consists  of  the  following  centers: 


•  Basic  Standards^ 

•  Radiation  Research 

•  Chemical  Physics 

•  Analytical  Chemistry 


The  National  Engineering  Laboratory 


Provides  technology  and  technical  services  to  the  public  and  private  sectors 
to  address  national  needs  and  to  solve  national  problems;  conducts  research 
in  engineering  and  applied  science  in  support  of  these  efforts;  builds  and 
maintains  competence  in  the  necessary  disciplines  required  to  carry  out  this 
research  and  technical  service;  develops  engineering  data  and  measurement 
capabilities;  provides  engineering  measurement  traceability  services; 
develops  test  methods  and  proposes  engineering  standards  and  code 
changes;  develops  and  proposes  new  engineering  practices;  and  develops 
and  improves  mechanisms  to  transfer  results  of  its  research  to  the  ultimate 
user.  TTie  Laboratory  consists  of  the  following  centers: 


AppUed  Mathematics 
Electronics  and  Electrical 
Engineering^ 

Manufacturing  Engineering 
Building  Teclmology 
Fire  Research 
Chemical  Engineering^ 


The  Institute  for  Computer  Sciences  and  Technology 


Conducts  research  and  provides  scientific  and  technical  services  to  aid 
Federal  agencies  in  the  selection,  acquisition,  application,  and  use  of 
computer  technology  to  improve  effectiveness  and  economy  in  Government 
operations  in  accordance  with  Public  Law  89-306  (40  U.S.C.  759), 
relevant  Executive  Orders,  and  other  directives;  carries  out  this  mission  by 
managing  the  Federal  Information  Processing  Standards  Program, 
developing  Federal  ADP  standards  guidelines,  and  managing  Federal 
participation  in  ADP  voluntary  standardization  activities;  provides  scientific 
and  technological  advisory  services  and  assistance  to  Federal  agencies;  and 
provides  the  technical  foundation  for  computer-related  policies  of  the 
Federal  Government.  The  Institute  consists  of  the  following  divisions: 


Information  Systems  Engineering 

Systems  and  Software 

Technology 

Computer  Security 

System  and  Network 

Architecture 

Advanced  Systems 


The  Institute  for  Materials  Science  and  Engineering 


Conducts  research  and  provides  measurements,  data,  standards,  reference 
materials,  quantitative  understanding  and  other  technical  information 
fundamental  to  the  processing,  structure,  properties  and  performance  of 
materials;  addresses  the  scientific  basis  for  new  advanced  materials 
technologies;  plans  research  around  cross-cutting  scientific  themes  such  as 
nondestructive  evaluation  and  phase  diagram  development;  oversees 
Bureau-wide  technical  programs  in  nuclear  reactor  radiation  research  and 
nondestructive  evaluation;  and  broadly  disseminates  generic  technical 
information  resulting  from  its  programs.  The  Institute  consists  of  the 
following  Divisions: 


•  Ceramics 

•  Fracture  and  Deformation^ 

•  Polymers 

•  Metallurgy 

•  Reactor  Radiation 


'Headquarters  and  Laboratories  at  Gaithersburg,  MD,  unless  otherwise  noted;  mailing  address 
Gaithersburg,  MD  20899. 

^Some  divisions  within  the  center  are  located  at  Boulder,  CO  80303. 
'Located  at  Boulder,  CO,  with  some  elements  at  Gaithersburg,  MD 
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ABSTRACT 


A  bibliographic  collection  is  provided  on  data  which  are  necessary  for  the 
calculation  of  the  thermochemical  properties  of  the  gaseous  metal  halides,  hydrides 
(deuterides)  and  their  positive  and  negative  ions  (MX,  MX"''  and  MX'),  where  M  =  Co , 
Fe ,  and  Ni  and  X  =  Br ,  CI,  F,  H(D) ,  and  I.  This  is  the  first  in  a  series  of 
articles  that  will  document  the  information  used  in  the  critical  evaluation  of  the 
thermodynamic  properties  of  these  substances  for  the  JANAF  Thermochemical  Tables. 

The  collection  contains  references  which  have  been  published  through  the  end  of 
1986  with  some  1987  references.  Fifteen  bibliographies  are  given,  one  for  each 
species.  In  all  bibliographies,  the  references  are  listed  chronologically; 
alphabetically  by  first  author  within  each  year.  The  names  of  the  species  are 
given  according  to  the  Chemical  Abstracts  system  of  nomenclature  (as  of  the  Tenth 
Collective  Index)  when  possible.  The  Chemical  Abstracts  Registry  Numbers,  if 
assigned,  are  also  given  for  each  of  the  species.  A  brief  summary  of  the  type  of 
available  information  is  given. 


Keywords:  bibliography,  electron  affinity,  electronic  energy  levels,  equilibrium 
data,  formation  properties,  ionization  potential,  molecular  structure,  review 
articles,  thermochemistry,  thermodynamic  properties,  transition  metal  halides  and 
hydrides,  vibrational  frequencies 


IV 


INTRODUCTION 

This  is  the  first  in  a  series  of  articles  that  will  document  the  information  used 
in  the  critical  evaluation  of  the  thermodynamic  properties  of  chemical  species  for 
the  JANAF  Thermochemical  Tables.  In  this  particular  article,  thermochemical  tables 
for  the  gaseous  iron,  cobalt  and  nickel  halides,  hydrides  (deuterides)  and  their 
positive  and  negative  ions  (MX,  MX+ ,  MX")  are  being  prepared.  The  iron  species  are 
also  being  studied  for  use  in  the  CODATA  Task  Group  on  Chemical  Thermodynamics 
Tables.  The  preparation  of  these  thermochemical  tables  has  been  divided  into  a 
series  of  sequential  sections,  each  section  containing  documentation.  This  permits 
the  technical  community  not  only  to  have  access  to  all  the  available  pertinent 
references  early  in  the  investigation  but  also  to  view  the  progress  in  the  critical 
evaluation  of  the  thermodynamic  properties  for  the  JANAF  Thermochemical  Tables.  It 
is  hoped  that  this  will  stimulate  interested  scientists  to  comment  on  the 
documentation  so  that  we  can  make  it  as  complete  as  possible.  The  goal  is  to 
construct  a  complete  bibliographic  resource,  upon  which  future  studies  can  be 
built,  and  to  eliminate  the  need  for  another  search  of  the  past  literature  on  these 
species.  In  the  future,  one  only  should  have  to  be  concerned  with  current  updates 
to  this  survey.  A  possible  limitation  in  this  coverage  is  in  the  appearance  of 
pertinent  data  in  journals  not  accessed  by  the  abstracting  services. 

In  general,  the  first  two  steps  involve  the  construction  of  the  bibliographies, 
followed  by  a  set  of  data  summaries  (i.e.,  summaries  of  the  reported  data  in 
tabular  and  graphical  format).  Subsequently,  there  will  be  published  preliminary 
thermal  functions,  preliminary  formation  properties,  and  then  the  final 
thermochemical  tables.  The  latter  normally  would  be  a  fine -adjustment  of  the 
preliminary  values.  This  fine -adjustment  would  result  from  the  examination  of  data 
consistency  as  viewed  from  a  larger  group  of  species,  i.e.  a  mathematical  solution 
of  a  thermochemical  network  or  consideration  of  trends  in  the  periodic  table.  From 
a  network  solution,  there  is  obtained  a  statistical  assessment  of  the  overall 
uncertainties  in  the  formation  properties  and  a  better  understanding  of  the 
interconsistency  of  all  data  used  in  the  network.  In  the  species  studied  here, 
however,  the  data  are  not  strongly  linked  via  chemical  reactions  to  other  species. 
Thus,  a  network  solution  may  not  be  necessary.  However,  a  comparison  of  the 
results  of  this  study  with  the  results  for  other  transition  metal  species  would  be 
beneficial  in  confirming  possible  trends  and  identifying  possible  discrepancies. 


NOMENCLATURE 

The  species  of  interest  in  this  bibliographic  collection  are  given  below  with  their 
names  and  registry  numbers,  as  obtained  from  Chemical  Abstracts  On-Line  (Registry 
File)  in  October  1987.  Only  31  of  the  potentially  relevant  54  species  have  been 
assigned  registry  numbers.  The  remaining  23  species,  which  are  not  listed  in  the 
following  table,  are  named  in  analogy  with  those  given.  Historically,  these 
speci(?s  have  often  been  called  monohalides,  monohydrides ,  and  monodeuterides ,  but 
these  designations  are  not  used.  In  addition,  names  such  as  "chloronickel  ion" 
have  been  used  in  the  past  but  are  no  longer  used  by  Chemical  Abstracts.  Although 
our  intent  was  to  cover  the  positive  and  negative  ions  of  the  above  mentioned 
eighteen  neutral  species,  not  all  of  these  species  have  been  listed  in  the  Chemical 
Abstracts  Registry  Number  system,  and  thus  are  not  listed  here.  Interestingly, 
there  is  no  data  reported  in  Chemical  Abstracts  for  Nil(g),  but  there  is 
information  for  the  positive  ion.  On  the  other  hand,  data  are  given  in  the 
literature  for  Fel"*",  but  no  access  to  this  species  is  given  in  Chemical  Abstracts 
through  the  Formula  Index. 


formula 


CoBr 


name 


Cobalt  Bromide 


registry  number 
22584-72-1 


CoCl 
CoCl-H 

CoD-h 
CoD 
CoD 
CoD 

CoF 
CoF+ 

CoH 

CoH-l- 

CoH- 

Col 


Cobalt  Chloride 
Chlorocobalt(l+) 

Hydro -d-cobalt(l-i-) 
Cobalt  Hydride  (CoD) 
Cobalt  Hydride  (CoD) 
Cobalt  Deuteride 

Cobalt  Fluoride 
Fluorocobalt(l-)-) 

Cobalt  Hydride 
Hydrocobalt(l-l-) 
Hydrocobaltate(l- ) 

Cobalt  Iodide 


FeBr 

Iron  Bromide 

FeBr-t- 

Bromoiron(l-(-) 

FeCl 

Iron  Chloride 

FeD 

Iron  Deuteride 

FeF 

Iron  Fluoride 

FeH 

Iron  Hydride 

FeH-i- 

Hydroiron(l+) 

FeH- 

Hydrof errata (1- ) 

Fel 

Iron  Iodide 

NiBr 

Nickel  Bromide 

NiCl 

Nickel  Chloride 

NiCl-f- 

Chloronickel(l-i-) 

NiD 

Nickel  Deuteride 

NiD-t- 

Hvdro-d- nickel  CI 

34240-80-7 
52082-14-1 

87136-05-8 
76622- 37 -2-.^->v 
40418- 24 -4>v-;r 
37362- 92 -S-'^-'t 

67321-83-9 
21773-33-1 

14994-20-8 
12378-09-5 
65899-90-7 

101015-09-2 

12514-32-8 
90143-36-5 

27846-09-9 

40418-23-3 

41428-55-1 

15600-68-7 
71899-96-2 
64899-88-3 

33019-21-5 

71939-11-2 

13931-83-4 
52082-15-2 

14989-21-0 
75181-24-7 


NiF  Nickel  Fluoride  13783-64-7 

NiF-i-  Fluoronickel(l-i-)  26024-87-3 

NiH  Nickel  Hydride  14332-32-2 

NiH-t-  Hydronickel(l+)  75181-25-8 

NiH-  Hydronickelate(l-)  64899-92-9 

Nil-t-  Iodonickel(l-(-)  53290-74-7 

**     NOTE:   There  are  three  registry  numbers  assigned  to  CoD . 


LITERATURE  COVERAGE 

All  references,  which  appear  to  have  some  data  pertinent  to  the  thermochemical 
calculations,  have  been  collected  into  fifteen  bibliographies,  one  for  each  of  the 
halides  and  hydrides  (deuterides)  of  cobalt,  iron  and  nickel.  The  references  for 
the  deuterides  are  contained  in  the  hydride  bibliographies.  These  references  were 
taken  primarily  from  a  search  of  Chemical  Abstracts,  from  the  First  Collective 
Index,  which  includes  1907-1916,  to  the  11th  Collective  Index,  which  includes 
1982-1986.  However,  we  have  included  some  1987  publications  in  the  bibliographies. 
In  addition,  scanning  of  the  retrieved  articles,  manual  scanning  of  selected 
resources,  using  personal  contacts,  searching  the  Chemical  Thermodynamics  Data 
Centers  abstract  files,  and  searching  the  Ion  Kinetics  and  Energetics  Data  Center 
data  base  have  yielded  additional  publications.  It  is  hoped  that  the  collection  is 
complete  through  1986  within  the  following  constraints: 

1.  Articles  referring  to  aqueous  solutions  involving 
MX"*"  and  MX'  usually  are  not  included.  We  are  interested 
only  in  the  gaseous  MX,  MX"*"  and  MX'  species. 

2.  Articles  referring  to  estimated  thermochemical  values  for 
MX(cr)  are  not  included. 

3.  Articles  published  in  astrophysical  journals  often  are 
not  included  since  they  usually  are  not  presenting  new 
spectral  information.  More  often,  existing  spectral  data 
are  given. 


4.  Analytical  chemistry  articles  which  deal  with  the 
interferences  of  MX(g)  electronic  bands  with  other  bands 
typically  are  not  included.  These  articles  normally  do 
not  give  definitive  values  for  the  electronic  bands  nor 
do  they  present  data  relevant  to  this  particular 
thermodynamic  study. 

5.  Articles  using  existing  thermochemical  values  for  the 
hydrides  (deuterides)  and  halides  in  calculations  are  not 
included,  unless  the  article  includes  a  discussion  of 
problems  in  the  calculated  results. 

6.  At  this  time,  only  those  critical  reviews  which  deal 
exclusively  with  halides  and  hydrides  (deuterides)  are 
included.  The  more  general  critical  reviews  (i.e.  JANAF 
Thermochemical  Tables)  will  be  included  in  the  next 
publication  of  this  series. 


The  inclusion  of  an  article  in  this  collection  does  not  necessarily  imply  that  it 
will  be  of  high  importance  in  the  final  selection  of  data.  Since  there  is  not  an 
overabundance  of  data,  we  have  been  unselective  in  our  choice  of  entries  in  these 
bibliographies,  and  have  extracted  some  articles  which  are  tangential  to  our  work 
with  the  hope  that  some  useful  information  may  be  hidden  in  them.  The  initial 
examination  of  the  literature  suggests  that  sufficient  reliable  information  is  not 
available  to  generate  sound  thermochemical  tables  for  some  halides  and  hydrides 
(deuterides).   Many  will  be  estimated  tables. 

In  generating  these  bibliographic  files,  the  intent  is  to  add  information 
progressively  as  the  evaluation  procedure  progresses.  Thus,  starting  with  this 
article,  the  prime  effort  is  to  list  authors  and  the  journal  citation.  As  the 
literature  searching  proceeds  and  as  articles  are  obtained,  additional  information 
will  be  added  (e.g.,  article  title,  Chemical  Abstracts  reference).  Thus,  some 
citations  may  be  incomplete  at  this  time.  Eventually,  the  majority  of  the 
bibliographic  citations  will  (should)  contain: 

authors 

title  of  article 

journal  citation 

abstract  citation  (Chemical  Abstracts,  Physics  Abstracts,  etc.) 

short  annotation  as  to  information  in  the  article 

At  this  time  for  these  metal  halides  and  hydrides  (deuterides) ,  we  have  collected 
the  majority  of  the  available  data,  with  no  statement  as  to  its  reliability  or 
usefulness . 


DATA  SUMMARIES 

The  next  publication  in  this  series  will  contain  sets  of  tabular  information  which 
will  summarize  the  relevant  data,  as  presented  in  the  original  publication.  These 
summaries  will  help  direct  attention  to  the  data  actually  available  for  use  in 
generating  thermochemical  tables.  In  the  case  of  these  halides  and  hydrides 
(deuterides) ,  data  summaries  will  be  presented  for  the  following  information: 

dissociation  energy 

electronic  energy  levels  and  configurations 

vibration-rotation  constants 

ionization  potential 

electron  affinity 

The  same  information  will  be  summarized  for  the  positive  and  negative  ions.  In  all 
cases,  experimental  and  theoretical  data  are  included. 

The  following  table  summarizes  briefly  the  nature  and  quantity  of  data  available 
for  the  halides  and  hydrides  (deuterides) . 


SUBJECT  COVERAGE  IN  REFERENCES  ON  COBALT,  IRON,  AND  NICKEL  SPECIES 


total  references 

electronic  energy  information 
electronic  energy  levels 
vibrational  analysis 
rotational  analysis 

dissociation  energy 

ionization  potential 

electron  affinity 


CoBr   CoCl   CoD   CoF   CoH   Col 


6 
4 


13 


29 


11 
9 


12 
2 


FeBr   FeCl   FeD   FeF   FeH   Fel 


total  references 

electronic  energy  information 
electronic  energy  levels 
vibrational  analysis 
rotational  analysis 

dissociation  energy 

ionization  potential 

electron  affinity 


total  references 

electronic  energy  information 
electronic  energy  levels 
vibrational  analysis 
rotational  analysis 

dissociation  energy 

ionization  potential 

electron  affinity 


21 


17    44 


4 

11 

3 

3 

15 

- 

4 

8 

1 

- 

7 

- 

- 

1 

1 

1 

- 

- 

- 

6 

1 

5 

20 

1 

_ 

. 

1 

. 

3 

3 

NiBr   NiCl   NiD   NiF   NiH   Nil 


15 


27 
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Since  any  one  article  may  contain  information  pertaining  to  more  than  one  category 
listed  on  the  previous  page,  the  sum  within  any  column  will  not  necessarily  equal 
the  total.  In  addition,  some  articles  do  not  report  any  data,  but  instead  discuss 
the  interpretation  of  previously  reported  data. 
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